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MAGNETIC BIAS FILM AND MAGNETIC SENSOR USING THE SAME 

Technical Field 

The present invention relates to a magnetic bias film 
used in various electronic devices and a magnetic sensor using 
the same. 

Background Art 

A magnetic sensor in the related art is disclosed, for 
example, in JP-A- 2003- 14458 . Fig. 19 is a perspective view 
showing a magnetic sensor in the related art. Fig. 20 is a 
cross section taken along the line II-II ' of the magnetic sensor 
in the related art shown in Fig. 19. 

The magnetic sensor is of a configuration including a 
Wheatstone bridge circuit 3 comprising four detecting elements 
2A through 2D provided on the top surface of a substrate 1 , 
a holder 4 holding the substrate 1 to cover the substrate 1 
having the Wheatstone bridge circuit, and a first coil 5A and 
a second coil 5B comprising conductive wires wound around the 
holder 4 a specific niimber of turns and applying magnetic biases 
that are orthogonal to each other. 

Because this magnetic sensor uses the first coil 5A and 
the second coil 5B wound around the holder 4 as means for 



ATTACHMENT B 



P1500 



applying magnetic biases. It Is Increased In size and a 
reduction In size cannot be readily achieved. Also, In order 
to generate magnetic fields. It Is necessary to flow a current 
through each of the first coll 5A and the second coil 5B, and 
power consumption is consequently increased. 

Also, for ex€Lmple, WO 03/056276 discloses a method of 
using magnetic bias films formed of a thin film of magnet as 
means for applying magnetic biases. 

This magnetic sensor can solve the problem discussed 
above because it does not use colls but it uses magnetic bias 
films formed of substantially a square thin film of magnet when 
viewed in plan as means for applying magnetic biases. 

In order to further reduce the magnetic sensor in size, 
the magnetic bias film has to be reduced in size as well. To 
this end, it is necessary to make the bottom area of the magnetic 
bias film smaller. 

In this case, however, a magnetic field generated by the 
magnetic bias film becomes smaller, and there arises a problem 
that a desired magnetic field cannot be obtained. Further, 
when a large magnetic field is applied to such a magnetic bias 
film from the outside, the orientation of the magnetic bias 
is affected, and there arises a problem that an output of the 
magnetic sensor is affected. 

Disclosure of the Invention 
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The invention solves the problems of the magnetic bias 
film in the related art as discussed above, and therefore has 
an object to provide a magnetic bias film that can be reduced 
in size and is capable of obtaining a stable and desired 
magnetic field and a magnetic sensor using the same. 

In order to achieve the above and other objects, a 
magnetic bias film according to one aspect of the invention 
is a magnetic bias film including a magnetic bias magnet that 
has magnetic layers and generates a magnetic field within a 
plane perpendicular to a lamination direction of the magnetic 
layers, and characterized in that the magnetic bias magnet is 
manufactured in a shape of substantially a rectangular prism 
having a long side, a short side, and a thickness in the 
lamination direction in order of decreasing lengths while a 
ratio of the long side with respect to the short side in length 
is in a range of 5 to 200. 

According to this configuration, the magnetic bias film 
of the invention includes the magnetic bias magnet manufactured 
in the shape of substantially a rectangular prism having the 
long side, the short side, and the thickness in the Icunination 
direction in order of decreasing lengths. The ratio of the 
long side with respect to the short side in length of the 
magnetic bias magnet is in a range of 5 to 200. The direction 
of a magnetic field generated within the plane perpendicular 
to the lamination direction of the magnetic layers contained 
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In the magnetic bias magnet Is therefore stabilized, and a 
stronger magnetic field can be obtained. Hence, not only can 
the magnetic bias film be reduced in size, but also the magnetic 
sensor using the same can be reduced In size at the same time. 

A magnetic sensor according to another aspect of the 
Invention Is a magnetic sensor, characterized by Including: 
a substrate; a first magnetic detection portion provided with 
at least two magnetic detecting elements formed on a main 
surface side of the substrate; a second magnetic detection 
portion provided with at least two magnetic detecting elements 
formed on the main surface side of the substrate; a first 
magnetic bias film provided at a position opposing the first 
magnetic detection portion; and a second magnetic bias film 
provided at a position opposing the second magnetic detection 
portion, wherein the first and second magnetic bias films are 
the magnetic bias film according to any of Claims 1 through 
13, and an orientation of a magnetic field generated by the 
first magnetic bias film and an orientation of a magnetic field 
generated by the second magnetic bias film are different. 

According to this configuration, in the magnetic sensor 
of the invention, the first and second magnetic detection 
portions , each having at least two magnetic detecting elements , 
are formed on the main surface side of the substrate. The first 
magnetic bias film is provided at a position opposing the first 
magnetic detection portion, and the second magnetic bias film 
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is provided at a position opposing the second magnetic 
detection portion. It is thus possible to apply the magnetic 
biases to the magnetic detection portions effectively. 

Also, the orientations of the magnetic fields generated 
by the first magnetic bias film and the second magnetic bias 
film are different . This gives rise to a phase difference 
between output waveforms from the first and second magnetic 
detection portions. Hence, by detecting a ratio of these two 
waveform outputs, it is possible to obtain a magnetic sensor 
of a simple configuration capable of detecting the direction 
of an external magnetic field. 

The objects, features, aspects, and advantages of the 
invention will become more apparent by the following detailed 
descriptions and the accompanying drawings. 

Brief Description of the Drawings 

Fig. 1 is a top view of a magnetic bias film according 
to a first embodiment of the invention. 

Fig. 2 is a longitudinal cross section of a magnetic bias 
magnet forming the magnetic bias film according to the first 
embodiment of the invention. 

Fig. 3 is a perspective view of a magnetic bias film 
according to a second embodiment of the invention. 

Fig. 4 is a view showing the relation of a film thickness 
and magnetization in a magnetic bias film in the related art 
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and in the magnetic bias film according to the second embodiment 
of the invention. 

Fig. 5 is a longitudinal cross section of a magnetic bias 
film of a single-layer structure in the related art. 

Fig. 6 is a longitudinal cross section of the magnetic 
bias film according to the second embodiment of the invention . 

Fig. 7 is a perspective view of a magnetic bias film 
according to a third embodiment of the invention. 

Fig. 8 is a top view of the magnetic bias film according 
to the third embodiment of the invention. 

Fig. 9 is a longitudinal cross section of the magnetic 
bias film according to the third embodiment of the invention. 

Fig. 10 is a perspective view of a magnetic sensor 
according to a fourth embodiment of the invention. 

Fig. 11 is an exploded perspective view of the magnetic 
sensor according to the fourth embodiment of the invention. 

Fig. 12 is a cross section taken along the line I- 1' of 
the magnetic sensor according to the fourth embodiment of the 
invention . 

Fig. 13 is a top view of first and second magnetic 
detection portions in the magnetic sensor according to the 
fourth embodiment of the invention. 

Fig. 14 is a circuit diagrsun of a first magnetic detection 
portion in the magnetic sensor according to the fourth 
embodiment of the invention. 
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Fig . 15 Is a view showing the relation of the bias magnetic 
field strength and an orientation variation in the magnetic 
sensor according to the fourth embodiment of the invention. 

Fig. 16 is a cross section showing a modification of the 
magnetic sensor according to the fourth embodiment of the 
invention. 

Fig. 17 is a cross section of a magnetic sensor according 
to a fifth embodiment of the invention. 

Fig. 18 is a circuit diagram showing a modification of 
a magnetic detection portion in the magnetic sensor according 
to the fifth embodiment of the invention. 

Fig. 19 is a perspective view of a magnetic sensor in 
the related art. 

Fig. 20 is a cross section taken along the line II-II' 
of the magnetic sensor in the related art. 

Best Mode for Carrying Out the Invention 

Hereinafter, embodiments of the invention will be 
described with reference to the drawings. First through third 
embodiments below will describe magnetic bias films with which 
the direction of a magnetic field is stabilized by changing 
the shape or the configuration. Fourth and fifth embodiments 
will describe a magnetic sensor using these magnetic bias 
films . 

Initially, in the first embodiment, the direction of a 
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magnetic field Is stabilized by manufacturing a magnetic bias 
film of a single-layer structure In the shape of a rectangular 
prism. The second embodiment Is different from the first 
embodiment, and will describe a magnetic bias film of a 
laminated structure. The third embodiment will describe a 
configuration as a combination of the first and second 
embodiments, that Is, an example to stabilize the direction 
of a magnetic field by manufacturing a magnetic bias film of 
a laminated structure In the shape of a rectangular prism. 

(First Embodiment) 

Fig. 1 Is a top view of a magnetic bias film according 
to a first embodiment of the Invention. This magnetic bias 
film 9 comprises plural magnetic bias magnets 9 A through 9G, 
and each of these magnetic bias magnets 9A through 9G generates 
a magnetic field In a direction Indicated by an arrow A (x 
direction) . 

The magnetic bias magnets 9A through 9G are made of CoPt 
alloy In the shape of substantially a rectangular prism having 
a long side, a short side, and a thickness (lamination 
direction) In order of decreasing lengths. Herein, the term, 
"substantially" a rectangular prism, is used to Include not 
only a mathematically perfect rectangular prism, but also those 
having, for example, warping, roundness or chcunfers on the 
edges or the apexes , or irregularities on the surface due to 
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restrictions of manufacturing techniques, but deemed as being 
in the shape of a rectangular prism as a whole. The concept 
includes magnetic bias magnets 9A through 9G in the shape of 
a square cone platform having the bottom area larger than the 
top area and inclined side surfaces due to restrictions of 
manufacturing techniques. This applies to all the embodiments 
below. 

Also, CoPt alloy has large magnetocrystalline anisotropy 
in addition to an excellent magnet property. It is therefore 
preferable as a material of the magnetic bias magnet to which 
the stability of the magnetic field direction is required. 

In this case, the long side, the short side, and the 
thickness are defined as follows using the coordinate axes 
shown in Fig. 1. That is, a direction perpendicular to the 
sheet surface (z direction) corresponds to the thickness 
direction, the x direction of the rectangle shown in Fig. 1 
corresponds to the long side, and the y direction corresponds 
to the short side. As to the respective sides in this 
embodiment, the length of the long side is 700 \m, the length 
of the short side is 140 \xm, and the thickness is 2000 A { = 
0 . 2 |xm) . An interval among the magnetic bias magnets 9A through 
9G is 10 ^m. 

A ratio of the long side with respect to the short side 
in length {= length of long side/length of short side) of the 
magnetic bias magnet 9A, that is, the aspect ratio, is 700 
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fjim/140 [im = 5. Hence, the magnetic bias magnet 9A within the 
sheet surface is of a rectangular shape, and magnetic shape 
anisotropy is provided in the long side direction (x 
direction) . 

Also, the aspect ratio of the long side with respect to 
the thickness (= length of long side/thickness) of the magnetic 
bias magnet 9A is 700 njn/0.2 [xm = 3500. Further, the aspect 
ratio of the short side with respect to the thickness {= length 
of short side /thickness) of the magnetic bias magnet 9A is 140 
pim/0.2 \ua = 700. 

The other magnetic bias magnets 9B through 9G are of the 
same configuration as the magnetic bias magnet 9A, and they 
are arrayed in the lateral direction while the magnetic field 
directions are aligned. These magnetic bias magnets 9A 
through 9G together constitute a magnetic bias film 9 . 

A manufacturing method of the magnetic bias film 9 
configured as described above will now be described. 

Initially, a CoPt film is formed across the entire 
surface of a substrate or the like by means of vapor deposition 
or sputtering. The CoPt film is then divided by means of 
exposure, etching, or the like to obtain plural CoPt films in 
the shape of substantially a rectangular prism. By applying 
a specific magnetic field to these plural CoPt films in the 
shape of substantially a rectangular prim in the long side 
direction (x direction) , the CoPt films in the shape of 
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substantially a rectangular prism are magnetized In the long 
side direction. The magnetic bias magnets 9A through 9G can 
be thus obtained. 

The magnetic bias film 9 of such a configuration seldom 
changes the magnetization direction upon application of a large 
magnetic field from the outside. The reason why Is not 
completely explained logically; however, the reason why Is 
roughly thought as follows. 

Fig. 2 Is a longitudinal cross section (the cross section 
on the x-z plane of Fig. 1) of the magnetic bias magnet forming 
the magnetic bias film 9 according to the first embodiment of 
the Invention. Crystal grains 10 are present within the 
magnetic bias magnets 9A through 9G- As Is shown In Fig. 2, 
the crystal grains 10 are thought to be of substantially an 
elliptical shape having the long axis In the long side direction 
(x direction) of the magnetic bias magnets 9A through 9G. The 
magnetic moment present within the crystal grain 10 Is readily 
oriented In a direction Indicated by an arrow B as a whole, 
and the direction of the magnetic moment hardly changes even 
when a large magnetic field Is applied from the outside. 

In this case, the reason why the crystal grain 10 takes 
on substantially an elliptical shape Is not clear. However, 
It Is assumed that by making the magnetic bias magnets 9A 
through 9G In a markedly flattened rectangular shape by setting 
the aspect ratio of the long side and the short side to 5 or 
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greater Instead of making them in a square shape when viewed 
in plan, the crystal grains 10 take on substantially an 
elliptical shape at the time of film deposition or 
polarization . 

Further, influences of a so-called demagnetizing field 
that depend on the shape (the aspect ratio of the long side 
and the short side) of the magnetic bias magnets 9A through 
9G are thought to be present to no small extent. Generally, 
the (effective) magnetic field exerting within a magnetic body 
becomes smaller in magnitude comparable to the demagnetizing 
field due to the magnetic field applied from the outside. The 
magnitude of the demagnetizing field is proportional to the 
magnitude of the magnetization of the magnetic body, and a 
proportional factor is referred to as a demagnetizing factor. 

Given the shape of the magnetic bias magnet 9A used in 
this embodiment as an example by ignoring the thickness, then 
the demagnetizing factor in the long side direction (x 
direction) is small whereas the demagnetizing factor in the 
short side direction (y direction) is large. Hence, the 
effective field in the long side direction becomes large 
whereas the effective field in the short side direction becomes 
small. It is thus understood that the magnetization in the 
long side direction having a large effective field is more 
stable. 

The aspect ratio of the long side and the short side of 
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the magnetic bias magnets 9A through 9G Is preferably In a range 
of 5 to 200, and more preferably In a range of 10 to 200. That 
is to say, when the aspect ratio of the long side and the short 
side of the magnetic bias magnets 9A through 9G is smaller than 
5, the stability of the bias magnetic fields generated by the 
magnetic bias magnets 9A through 9G is deteriorated when a large 
magnetic field is applied from the outside- This can be 
understood from the view point of the demagnetizing field 
described above. 

Meanwhile, when the aspect ratio of the long side and 
the short side of the magnetic bias magnets 9A through 9G is 
larger than 200, the absolute strength of the bias magnetic 
fields generated by the magnetic bias magnets 9A through 9G 
becomes too large to obtain the most appropriate bias magnetic 
field. Conversely, when the bias magnetic field is weakened 
while keeping the aspect ratio intact, manufacturing becomes 
difficult because of a short length of the short side. 

The aspect ratio of the long side and the short side of 
the magnetic bias magnet 9A is set in a range of 5 to 200 for 
these reasons, and when set in this range, the bias magnetic 
field generated by the magnetic bias magnet 9A can be 
stabilized. 

As has been described, when the crystal grains 10 are 
not of a circular shape when viewed in plan but of an anisotropic 
shape, which is substantially an elliptical shape having the 
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long axis in the long side direction of the magnetic bias magnet 
9A, a bias magnetic field that remains stable against a magnetic 
field from the outside Is thought to generate. 

The direction of the long axis of the crystal grains 10 
of substantially an elliptical shape Is also a direction 
perpendicular to the thickness direction. The reason why for 
this configuration Is thought to be the same as the reason why 
the long axis of substantially an elliptical shape Is readily 
oriented In the long side direction due to the aspect ratio 
of the long side and the short side, because the length of the 
magnetic bias magnet 9A In the thickness direction Is shorter 
than the lengths In the long side and short side directions. 
Also with the aid of this configuration, the magnetic bias 
magnet 9A seldom changes the magnetization direction even when 
a large magnetic field Is applied from the outside. 

As the magnetic bias film according to the first 
embodiment of the Invention described above, the magnetic bias 
film 9 Is formed by arraying the plural magnetic bias magnets 
9A through 9D, each of which generates a magnetic field and 
Is In the shape of substantially a rectangular prism having 
the long side, the short side, and the thickness In order of 
decreasing lengths. In a lateral direction while aligning the 
directions of the magnetic fields. Further, because the 
aspect ratio of the long side and the short side of all the 
magnetic bias magnets 9A through 9G Is set In a range of 5 to 
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200, the magnetization direction seldom changes even when a 
large magnetic field Is applied from the outside. It Is thus 
possible to generate a stable magnetic bias. 

In addition, the thickness of the magnetic bias film 9 
Is preferably In a range of 250 A to 2500 A. When the thickness 
of the magnetic bias film 9 Is smaller than 250 A, the magnetic 
field generated by a magnetic layer 12 becomes smaller. 
Meanwhile, the strength of the magnetic field hardly changes 
by making the thickness of the magnetic bias film 9 larger than 
2500 A. It Is therefore preferable to set the thickness of 
the magnetic bias film 9 In a range of 250 A to 2500 A. 

Further, the magnetic bias magnets 9A through 9G may be 
formed In a divided state from the start Instead of using the 
method for obtaining the magnetic bias magnets 9A through 9G 
by forming a large CoPt film first and then dividing the film 
by means of etching. In this case, the CoPt film Is formed 
using a mask having the shapes of the magnetic bias magnets 
9A through 9G. 

(Second Embodiment) 

Fig. 3 Is a perspective view of a magnetic bias film 
according to a second embodiment of the Invention. Referring 
to Fig. 3, a magnetic bias film 11 has a structure In which 
plural magnetic layers 12 and non-magnetic layers 13 are 
Icunlnated alternately. The magnetic layer 12 Is made of CoPt 
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alloy, and generates a magnetic field in a direction indicated 
by an arrow A (x direction) when magnetized in a certain 
direction. Also, the non-magnetic layer 13 is made of Cr. 
Strictly speaking, Cr is an antif erromagnetic material and is 
not non-magnetic. However, because it is not a ferromagnetic 
material, the term, "non-magnetic", is used for Cr. 

As to the respective sides in this embodiment, the length 
of the long side (x direction) is 700 jjim, the length of the 
short side (y direction) is 140 \un, and the thicknesses (z 
direction) of the magnetic layer 12 and the non -magnetic layer 
13 are 2000 A and 250 A, respectively. The aspect ratio of 
the long side with respect to the short side of the magnetic 
bias film 11 is 700 Mjn/140 |jun = 5. The magnetic bias film 11 
within the sheet surface is therefore of a rectangular shape, 
and magnetic shape anisotropy is provided in the long side 
direction (x direction) . 

Also, the aspect ratio of the long side with respect to 
the thickness (= length of long side/thickness ) of the magnetic 
layer 12 is 700 (xm/0.2 jim = 3500. Further, the aspect ratio 
of the short side with respect to the thickness (= length of 
short side/thickness ) of the magnetic layer 12 is 140 |jin/0.2 
jjun = 700. 

In this embodiment, because there is a single magnetic 
bias magnet, it is equivalent to the magnetic bias film. 

A manufacturing method of the magnetic bias film 11 
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configured as described above will now be described* The 
magnetic layer 12 made of CoPt alloy is formed on the surface 
of a substrate (not shown) by means of vapor deposition or 
sputtering, and the non-magnetic layer 13 made of Cr is formed 
on the top surface of this magnetic layer 12 by means of vapor 
deposition or sputtering. Further, the magnetic layer 12 is 
formed on the top surface of this non-magnetic layer 13, and 
by repeating these procedures, it is possible to obtain a 
laminated film in which plural magnetic layers 12 and 
non-magnetic layers 13 are laminated in the z direction. 

By applying a specific magnetic field in a certain 
direction (x direction in Fig. 3) perpendicular to the 
lamination direction of these magnetic layers 12, the magnetic 
layers 12 in the laminated film are magnetized in a direction 
(x direction) indicated by an arrow A. The magnetic bias film 
11 can be thus obtained. 

The magnetic bias magnet 11 is not of substantially a 
square shape, and as in the first embodiment above, the aspect 
ratio of the short side (y direction) and the long side (x 
direction) is preferably in a range of 5 to 200, and more 
preferably in a range of 10 to 200. More specifically, when 
the aspect ratio of the long side and the short side of the 
magnetic bias magnet 11 is smaller than 5, the stability of 
the bias magnetic field is deteriorated, and when the aspect 
ratio is larger than 200, the absolute strength of the bias 
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magnetic field becomes too large. 

The magnetic bias film 11 of such a leuninated structure 
is able to generate a large magnetic field in comparison with 
a magnetic bias film of a single-layer structure in which the 
film thickness of the magnetic layer is merely increased as 
in the magnetic bias film in the related art. This will be 
described with reference to the drawings. 

Fig. 4 shows magnetic properties of the magnetic bias 
film of a single -layer structure in the related art and the 
magnetic bias film of a laminated structure in this embodiment. 
The abscissa is used for the film thickness of the magnetic 
layer indicated in units of A and the ordinate is used for 
magnetization of the magnetic layer indicated in units of emu. 

Referring to Fig. 4, the results of the magnetic bias 
films of the laminated structure and the single- layer structure 
are indicated by boxes (or tilted boxes), and these results 
are linked by a solid line and a dotted line almost on straight 
lines. Herein, 2000 A is given to the single magnetic layer 
12 in the magnetic bias film of the leuninated structure . Hence , 
the thicknesses of 4000 A, 6000 A, and 8000 A mean that the 
magnetic bias film comprises two, three, and four magnetic 
layers 12, respectively. The non-magnetic layer 13 is 
interposed between these magnetic layers 12, 

As can be understood from Fig. 4, the magnitude of 
magnetization hardly changes in the magnetic bias film of the 
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single- layer structure in the related art by increasing the 
film thickness. On the contrary, magnetization is increased 
with the film thickness in the magnetic bias film of the 
laminated structure of this embodiment . The reason why is not 
completely explained logically; however, the reason why is 
roughly thought as follows . 

Fig. 5 is a longitudinal cross section of the magnetic 
bias film of the single-layer structure in the related art. 
Fig. 6 is a longitudinal cross section of the magnetic bias 
film of the laminated structure in this embodiment. Each of 
them is a cross section on the x-z plane of Fig. 3. 

Crystal grains 14 are present within a magnetic bias film 
15 of the single -layer structure in the related art shown in 
Fig. 5. Also, the orientations of the magnetic moments of the 
crystal grains 14 are indicated by arrows inside the crystal 
grains 14 . 

As is shown in Fig. 5, the crystal grains 14 are thought 
to be of substantially an elliptical shape, and the long axis 
directions of the crystal grains 14 are present randomly within 
the magnetic bias film 15 of a thin single -layer structure while 
being aligned relatively in the long side direction (x 
direction). When the thickness of the magnetic bias film 15 
of the single -layer structure is merely increased, the number 
of the crystal grains 14 present within is increased 
correspondingly. However, the long axis directions of the 
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crystal grains 14 are oriented not only in the long side 
directions but also in the thickness direction (z direction) 
perpendicular to the long side directions . 

In this case, the magnetic bias film 15 of the 
single -layer structure in the related art as a whole generates 
a magnetic field in the long side direction of the magnetic 
bias film 15 of the single- layer structure. However, the 
magnetic moments of the respective crystal grains 14 have also 
a component in the thickness direction of the magnetic bias 
film 15 of the single-layer structure. The magnetic field 
component in the thickness direction does not contribute to 
the strength of the magnetic field in the long side direction 
of the magnetic bias film 15 of the single-layer structure. 
It is therefore thought that the components in the thickness 
direction that the magnetic moments of the crystal grains 14 
have are increased as the thickness of the magnetic bias film 
15 of the single-layer structure is increased. It is therefore 
thought that the magnetic field in the long side direction is 
not increased correspondingly by merely increasing the 
thickness of the magnetic bias film 15 of the single -layer 
structure. 

On the contrary, in the magnetic bias film 11 of the 
laminated structure of the invention shown in Fig. 6 having 
the configuration in which the magnetic layers 12 are laminated 
via the non -magnetic layers 13, the respective magnetic layers 
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12 are separated by the non-magnetic layers 13. The 
orientation of the respective crystal grains 14 are therefore 
dominated by the thickness of the respective magnetic layers 
12, and the long axis directions of the crystal grains 14 are 
present while being aligned relatively in the long side 
direction. This lessens the components in the thickness 
direction of the magnetic moments of the respective crystal 
grains 14. The magnetic moments of the crystal grains 14 are 
therefore thought to contribute to the strength of the magnetic 
field in the long side direction. 

The orientations of the magnetic moments on the x axis 
shown in Fig. 6 (either it is leftward or rightward in the 
drawing) are shown schematically, and it does not necessarily 
mean that all the magnetic moments are aligned in the same 
direction . 

It is not clear why the crystal grains 14 take on 
substantially an elliptical shape. However, because the 
magnetic bias film 11 of the laminated structure of the 
invention is of a flattened structure in which the film 
thickness of the magnetic layer 12 is particularly thin and 
the thickness direction with respect to the long side direction 
is extremely short, the crystal grains 14 are thought to take 
on substantially an elliptical shape oriented in the long side 
direction at the time of film deposition or polarization. 

Further, influences of the demagnetizing field that 
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depend on the shape of the magnetic bias film 11 are thought 
to be present to no small extent. Assume that the lengths of 
the magnetic bias film 11 in the lateral direction (x direction) 
in Fig. 5 and Fig. 6 are equal by ignoring the length in a 
direction (y direction) perpendicular to the sheet surface. 
That is, the magnetic bias film 11 of the single-layer structure 
and the single magnetic layer 12 forming the laminated 
structure are different in length in the thickness direction 
(z direction) alone. 

In this instance, the demagnetizing factors in the 
thickness direction (z direction) of the magnetic bias films 
11 of the single- layer structure and the laminated structure 
are almost equal. On the contrary, the demagnetizing factor 
in the x direction is large in the single-layer structure shown 
in Fig. 5 whereas it is small in the single magnetic layer 12 
forming the laminated structure shown in Fig. 6. However, the 
value of the demagnetizing factor in the x direction of either 
structure takes a vale smaller than the demagnetizing factor 
in the z direction. Hence, a difference between the values 
of the demagnetizing factors in the x direction and the z 
direction is larger in the laminated structure shown in Fig. 
6 than in the single-layer structure shown in Fig. 5. 

That is to say, in the laminated structure shown in Fig. 
6, magnetization in the x direction is stabilized, because the 
effective field in the lateral direction (x direction) in the 
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sheet surface is large and the effective field in the 
longitudinal direction (z direction) in the sheet surface is 
small in comparison with the former effective field. On the 
contrary, in the single-layer structure shown in Fig. 5, 
magnetization in the x direction becomes unstable, because a 
difference between the effective fields in the longitudinal 
direction (z direction) and the lateral direction (x direction) 
on the sheet surface is small. The magnetization is thus 
readily oriented in the z direction (thickness direction). 

The thickness of the magnetic layer 12 is preferably in 
a range of 250 A to 2500 A. When the thickness of the magnetic 
layer 12 is smaller than 250 A, a magnetic field generated by 
the magnetic layer 12 becomes small. Meanwhile, even when the 
thickness of the magnetic layer 12 is larger than 2500 A, as 
is shown in Fig. 5, the components in the thickness direction 
of the magnetic moments of the crystal grains 14 are increased 
further, and the strength of the magnetic field hardly changes . 
It is therefore preferable to set the thickness of the magnetic 
layer 12 in a range of 250 A to 2500 A. 

Also, the thickness of the non-magnetic layer 13 is 
preferably in a range of 50 A to 500 A. Herein, when the 
thickness of the non-magnetic layer 13 is smaller than 50 A, 
the magnetic layers 12 disposed above and beneath the 
non-magnetic layer 13 may possibly interfere with each other 
and give adverse influences. Meanwhile, when the thickness 
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of the non-magnetic layer 13 is larger than 500 A, the entire 
thickness is undesirably increased. It is therefore 
preferable to set the thickness of the non -magnetic layer 13 
in a range of 50 A to 500 A* 

The non-magnetic layers 13 forming the magnetic bias film 
11 are not limited to Cr as is described in this embodiment, 
and other non-magnetic elements, such as Ti, Cu, Al, Sn, Nb, 
Au, Ag, Ta, and W can be used as well. 

Also, in a case where the magnetic layer 12 and the 
non-magnetic layer 13 are formed to manufacture the magnetic 
bias film 11, the magnetic layer 12 and the non-magnetic layer 
13 are formed on the surface of the substrate (not shown) by 
means of vapor deposition or sputtering in the second 
embodiment of the invention. The invention is not limited to 
this formation method, and for example, the magnetic layer 12 
and the non -magnetic layer 13 may be formed by forming CoPt 
alloy and Cr alternately plural times by a wet method. 
Alternatively, the magnetic layer 12 and the non-magnetic layer 
13 may be formed by alternately applying a CoPt precursor and 
a Cr precursor plural times by another wet method followed by 
sintering. 

Further, because at least two magnetic layers 12 are 
necessary, it is desirable to dispose the magnetic layers 12 
at the uppermost layer and the lowermost layer of the lamination 
to further reduce a total thickness of the magnetic bias film 
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11. 

As has been described, in the second embodiment of the 
invention, because the magnetic bias film 11 is formed by 
laminating plural magnetized magnetic layers 12 and 
non-magnetic layers 13, it is possible to obtain the magnetic 
bias film 11 that generates a large magnetic field in response 
to the thickness of the magnetic layer 12. 

(Third Embodiment) 

Fig. 7 is a perspective view of a magnetic bias film 
according to a third embodiment of the invention. A magnetic 
bias film 11 according to the third embodiment of the invention 
comprises plural magnetic bias magnets llA through IIC, and 
generates a magnetic field in a direction (x direction) 
indicated by an arrow A. The magnetic bias magnet llA is of 
a structure in which plural magnetic layers 12 made of CoPt 
alloy and non -magnetic layers 13 made of Cr are leoninated, and 
it is in the shape of substantially a rectangular prism having 
the long side (y direction) , the short side (x direction) , and 
the thickness (z direction), which is also the lamination 
direction of the magnetic bias film llA, in order of decreasing 
lengths . 

As to the respective sides in this embodiment , the length 
of the long side (y direction) is 700 jm, the length of the 
short side (x direction) is 140 |xm, and both intervals between 
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the magnetic bias magnets llA and IIB and between the magnetic 
bias magnets IIB and IIC are 10 [xm. The thicknesses (z 
direction) of the magnetic layer 12 and the non-magnetic layer 
13 are 2000 A and 250 A, respectively. The aspect ratio of 
the long side with respect to the short side of the magnetic 
bias magnet llA Is therefore 700 |iin/140 fun = 5. 

Also, the aspect ratio of the long side with respect to 
the thickness of the magnetic layer 12 (= length of long 
slde/thlckness ) Is 700 |xm/0,2 fjun = 3500. Further, the aspect 
ratio of the short side with respect to the thickness of the 
magnetic layer 12 (= length of short slde/thlckness) Is 140 
pin/0.2 \ua = 700. 

The other magnetic bias magnets IIB and IIC are of the 
same configuration as the magnetic bias magnet llA, and these 
are arrayed In the lateral direction of the drawing, that Is, 
In the short side direction (x direction) of substantially a 
rectangular prism while aligning the magnetic field directions . 
These magnetic bias magnets llA through llC together constitute 
the magnetic bias film 11. 

Herein, the aspect ratio of the short side (x direction) 
and the long side (y direction) of the magnetic bias magnets 
llA through llC Is preferably In a range of 5 to 200, and more 
preferably In a range of 10 to 200 as In the first and second 
embodiments above. To be more specific, this Is because when 
the aspect ratio of the long side and the short side of the 
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magnetic bias magnets llA through IIC is smaller than 5, the 
stability of the bias magnetic field is deteriorated, and when 
the aspect ratio is larger than 200, the absolute strength of 
the bias magnetic field becomes too large. 

A manufacturing method of the magnetic bias film 11 
according to the third embodiment of the invention configured 
as described above will now be described. 

The magnetic layer 12 made of CoPt alloy is formed on 
the surface of a substrate (not shown) by means of vapor 
deposition or sputtering, and the non-magnetic layer 13 made 
of Cr is formed on the top surface of this magnetic layer 12 
by means of vapor deposition or sputtering. Further, the 
magnetic layer 12 is formed on the top surface of the 
non-magnetic layer 13, and by repeating these procedures, it 
is possible to obtain a laminated film in which plural magnetic 
layers 12 and non-magnetic layers 13 are Icuninated. 

After resist is applied, the patterning using the 
photolithographic technique is performed by means of exposure 
and development , and then the laminated film is divided by means 
of etching. Plural leuninated films in the shape of 
substantially a rectangular prism can be thus obtained. 

In these plural laminated films in the shape of 
substantially a rectangular prism, by applying a specific 
magnetic field in the long side direction or the short side 
direction, it is possible to obtain the magnetic bias magnets 
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llA through IIC in which the magnetic layers in the laminated 
film in the shape of substantially a rectangular prism are 
magnetized in the long side direction or the short side 
direction. 

Also, in such a configuration, the magnetic bias film 
11 is magnetized more readily in the short side direction than 
in the long side direction. More specifically, in the magnetic 
bias film 11 magnetized in the short side direction, the 
magnetization direction hardly changes even when a large 
magnetic field is applied from the outside in comparison with 
a case where it is magnetized in the long side direction. In 
other words, it is thought that large magnetic anisotropy is 
provided in the short side direction rather in the long side 
direction in this embodiment. This state will be described 
with reference to Fig. 8. 

Fig. 8 is a top view of the magnetic bias film 11 according 
to the third embodiment of the invention. Herein, the magnetic 
layers 12 are magnetized in the short side direction (x 
direction) of the magnetic bias magnets llA through IIC. In 
this case, a magnetic bias that remains stable against the 
external magnetic field can be generated by disposing the 
magnetic moments in the short side direction (x direction) 
rather than disposing the magnetic moments in the long side 
direction (y direction) . The reason why is not clearly 
explained logically. However, interactions among the 
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magnetic bias magnets llA through IIC and Interactions among 
the respective magnetic layers 12 caused by laminating plural 
magnetic layers 12 are thought to be Involved. 

Fig. 9 Is a longitudinal cross section (the cross section 
on the x-z plane of Fig. 7) of the magnetic bias film of the 
laminated structure In this embodiment. In this embodiment, 
of the three magnetic layers 12, the orientation of 
magnetization of the magnetic layer 12 In the middle Is thought 
to be reversed to the orientation of the magnetization of the 
other magnetic layers due to magnetostatlc coupling eunong the 
magnetic layers 12. It Is therefore preferable to laminate 
an odd number of magnetic layers 12 In the magnetic bias film 
of this embodiment. This Is because the magnetic bias film 
11 having properties that remain stable against a magnetic 
field from the outside can be obtained when configured In this 
manner . 

Also, In the third embodiment of this Invention, there 
Is an effect achieved from the configuration In which the 
magnetic layers 12 are laminated by Interposing the 
non-magnetic layer 13 In between as has been described In the 
second embodiment of the invention. In short, there is an 
effect that the magnetic field becomes stronger with an 
increasing number of the magnetic layers 12. 

As has been described, in the magnetic bias film 11 
according to the third embodiment of the invention, the 
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magnetic bias magnets llA through IIC, each of which Is In the 
shape of substantially a rectangular prism formed by laminating 
plural magnetic layers 12 and non-magnetic layers 13 
alternately, are arrayed In the short side direction of 
substantially a rectangular prism. Also, because the aspect 
ratio of the short side and the long side Is set In a range 
of 5 to 200 for these magnetic bias magnets llA through IIC, 
It Is possible to obtain a strong magnetic field In comparison 
with the single-layer magnetic bias film In the related art. 
This provides effects that not only can the magnetic bias film 
be reduced In size, but also a magnetic field that remains 
stable against an external magnetic field can be obtained. 

Also, as to the thickness of the magnetic layer 12 and 
the thickness of the non-magnetic layer 13 In the third 
embodiment of the Invention, It Is preferable to set the 
thickness of the magnetic layer 12 In a range of 250 A to 2500 
A, and It Is preferable to set the thickness of the non-magnetic 
layer 13 In a range of 50 A to 500 A as In the second embodiment 
of the Invention described above. 

The non-magnetic layers 13 forming the magnetic bias film 
11 Is not limited to Cr as described In the third embodiment 
of the Invention, and other non-magnetic elements, such as Tl, 
Cu, Al, Sn, Nb, Au, Ag, Ta, and W, can be used as well. 

The method of obtaining the magnetic bias magnets llA 
through IIC Is not limited to the method of obtaining the 
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magnetic bias magnets llA through IIC by forming a large 
laminated film of CoPt alloy and Cr first and then dividing 
the film by means of etching as the manufacturing method of 
the magnetic film in the third embodiment of the invention 
described above, and the magnetic bias magnets llA through IIC 
may be formed in a divided state from the start- In this case, 
a laminated film of CoPt alloy and Cr is formed using a mask 
having the shapes of the magnetic bias magnets llA through IIC. 

(Fourth Embodiment) 

Fig. 10 is a perspective view of a magnetic sensor 
according to a fourth embodiment of the invention. Fig. 11 
is an exploded perspective view of the magnetic sensor. Fig. 
12 is a cross section taken along the line I-I' of Fig. 10. 
Fig. 13 is a top view of first and second magnetic detection 
portions in the magnetic sensor. Fig. 14 is a circuit diagram 
of the first magnetic detection portion in the magnetic sensor. 

Referring to Fig. 10 through Fig. 14, it is preferable 
that a substrate 20 is made of a material having an insulation 
property, such as alumina, and that a glass glazed layer (not 
shown) is formed on the top surface (main surface) . The glass 
glazed layer is used because not only can a smooth surface be 
readily obtained, but also first and second magnetic detection 
portions 21 and 22 can be formed on its top surface with ease. 

In this embodiment, each of the first magnetic detection 
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portion 21 and the second detection portion 22 comprises four 
magnetic detecting elements . The magnetic detecting element 
is an element that outputs a signal in response to the 
orientation and magnitude of a magnetic field and is therefore 
used to detect the orientation of the magnetic field or the 
like. Examples include an element using the magneto 
resistance effect (magneto resistance effect element) , a Hall 
element, a magneto impedance effect element, etc. 

These magnetic detecting elements are formed of a magneto 
resistance film formed on the top surface of the substrate 20. 
The magneto resistance film is formed of a magnetic film, such 
as a ferromagnetic thin film including NiCo or NiFe, and an 
artificial latticed multi-layer film. The first and second 
magnetic detection portions 21 and 22 reach the maximum amount 
of change in resistance when an external magnetic field is 
applied perpendicularly to the surface on which they are 
formed. 

Also, the magneto resistance film forming the first and 
second magnetic detection portions 21 and 22 is formed by being 
folded plural times. This is because the number of lines 
crossing magnetism (for exeunple, earth magnetism) that needs 
to be measured is increased by being folded plural times, and 
an amount of change in resistance is increased, which can in 
turn enhance the detection sensitivity. 

A first insulation layer 23A is made of Si02 having an 
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insulation property, and covers the first magnetic detection 
portion 21 to electrically isolate the first magnetic detection 
portion 21 from a first magnetic bias film 24 described below. 
As with the first insulation layer 23A, a second insulation 
layer 23B is also made of Si02 having an insulation property, 
and covers the second magnetic detection portion 22 to 
electrically isolate the second magnetic detection portion 22 
from a second magnetic bias film 25 described below. 

The first magnetic bias film 24 is formed on the top 
surface of the first insulation layer 23A and applies a magnetic 
bias to the first magnetic detection portion 21. The first 
magnetic bias film 24 is the magnetic bias film 11 described 
in the third embodiment of the invention above, that is, the 
magnetic bias film 11 that comprises the magnetic bias magnets 
llA through IIC, in each of which plural magnetic layers 12 
made of CoPt alloy and magnetized in one direction and plural 
non-magnetic layers 13 made of Cr are laminated alternately 
while the aspect ratio of the short side and the long side is 
set in a range of 5 to 200 by arraying the plural magnetic bias 
magnets llA through IIC in the short side direction to generate 
a magnetic field in the short side direction. 

The second magnetic bias film 25 is formed on the top 
surface of the second insulation layer 23B and applies a 
magnetic bias to the second magnetic detection portion 22 . The 
second magnetic bias film 25 also uses the magnetic bias film 
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11 described In the third embodiment of the invention above. 
The first and second magnetic bias films 24 and 25 have a large 
rate of change of resistance values in the first and second 
magnetic detection portions 21 and 22, and they are adjusted 
in such a manner that the resistance values change almost 
linearly in response to a change of the magnetic field. 

A first covering layer 26A is made of epoxy resin ^ silicon 
resin, or the like, and covers the first magnetic bias film 
24. Likewise, a second covering layer 26B is made of epoxy 
resin, silicon resin, or the like, and covers the second 
magnetic bias film 25. 

A first magnetic detecting element 27A and a second 
magnetic detecting element 27B are electrically connected in 
series, and the longitudinal directions of their patterns are 
different by 90°. Also, a third magnetic detecting element 27C 
and a fourth magnetic detecting element 27D are electrically 
connected in series, and the longitudinal directions of their 
patterns are different by 90°. Further, the first magnetic 
detecting element 27A and the second magnetic detecting element 
27B are electrically connected to the third magnetic detecting 
element 27C and the fourth magnetic detecting element 27D in 
parallel. Also, the longitudinal directions of the patterns 
of the first magnetic detecting element 27A and the third 
magnetic detecting element 27C are different by 90°. 

A first input electrode 28A is formed on the substrate 



34 



P1500 



20, and is electrically connected to the first magnetic 
detecting element 2 7A and to the third magnetic detecting 
element 27C. A first ground electrode 29A is electrically 
connected to the second magnetic detecting element 27B and to 
the fourth magnetic detecting element 27D. A first output 
electrode 30A is electrically connected to the first magnetic 
detecting element 2 7A and to the second magnetic detecting 
element 27B, and a second output electrode 30B is electrically 
connected to the third magnetic detecting element 27C and to 
the fourth magnetic detecting element 27D. Also, as with the 
first magnetic detection portion 21, the second magnetic 
detection portion 22 comprises a fifth magnetic detecting 
element 27E through an eighth magnetic detecting element 27H, 
a second input electrode 28B, a second ground electrode 29B, 
a third output electrode 30C, and a fourth output electrode 
SOD. These components correspond, respectively, to the first 
magnetic detecting element 27A through the fourth magnetic 
detecting element 27D, the first input electrode 28A, the first 
ground electrode 29 A, the first output electrode 30A, and the 
second output electrode 30B in the first magnetic detection 
portion 21. 

The first input electrode 28A and the second input 
electrode 28B are electrically connected to each other, and 
the first ground electrode 29A and the second ground electrode 
29B are also electrically connected to each other. The first 
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magnetic detection portion 21 and the second magnetic detection 
portion 22 are therefore electrically connected in parallel. 
Also, the first input electrode 28A, the second input electrode 
28B, the first ground electrode 29A, the second ground 
electrode 29B, and the first output electrode 30A through the 
fourth output electrode 30D are made of silver or silver 
palladium. 

Each of the first magnetic detecting element 27A through 
the fourth magnetic detecting element 27D that together form 
the first magnetic detection portion 21 is formed of a magneto 
resistance film, and as is shown in Fig. 14, they constitute 
a Wheatstone bridge circuit as a whole. Hence, a difference 
between two output voltages (differential output voltage) 
obtained from the first output electrode 3 OA and the second 
output electrode 30B becomes larger, which enables the 
orientation to be detected with accuracy. Further, because 
noises of the two output voltages can be canceled, it is 
possible to suppress detection variations caused by noises. 

A magnetic field 31 in Fig. 13 specifies the direction 
of a magnetic field that the first magnetic bias film 24 applies 
to the first magnetic detection portion 21. Meanwhile, a 
magnetic field 32 specifies the direction of a magnetic field 
that the second magnetic bias film 25 applies to the second 
magnetic detection portion 22, and this direction is different 
from that of the magnetic field 31 by 90**. 
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In this embodiment, it is configured in such a manner 
that an angle produced by the magnetic fields generated by the 
first and second magnetic bias films 24 and 25 and the 
longitudinal directions of the respective patterns of the first 
magnetic detecting element 27A through the eighth magnetic 
detecting element 27H is 45°. The magnetic fields generated 
by the first and second magnetic bias films 24 and 25 at the 
angle of 0° or 180° do not contribute to a change in resistance 
of the first through eighth magnetic detecting elements 27A 
through 27H, and therefore they do not play a role of the bias 
magnetic fields. Hence, the angle may be other than 45°; 
however, it is preferable to exclude angles of 0° and 180°. 

A manufacturing method of the magnetic sensor according 
to the fourth embodiment of the invention configured as 
described above will now be described. 

Initially, the first magnetic detecting element 27A 
through the eighth magnetic detecting elements 27H, the first 
input electrode 28A, the second input electrode 28B, the first 
ground electrode 29A, the second ground electrode 29B, the 
first output electrode 30A, the second output electrode 30B, 
the third output electrode 30C, and the fourth output electrode 
BOD are formed on the top surface of the substrate 20 by means 
of printing, vapor deposition, or the like. 

In this instance, the first magnetic detection portion 
21 comprising the first magnetic detecting element 27A through 
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the fourth magnetic detecting element 27D Is formed, while the 
first input electrode 28A, the first ground electrode 29A, the 
first output electrode 30A, and the second output electrode 
30B are formed at their specific positions. Likewise, the 
second magnetic detection portion 22 comprising the fifth 
magnetic detecting element 27E through the eighth magnetic 
detecting element 27H is formed, while the second input 
electrode 28B, the second ground electrode 29B, the third 
output electrode 30C, and the fourth output electrode SOD are 
formed at their specific positions . 

Subsequently, the first insulation layer 23A is formed 
on the top surface of the first magnetic detection portion 21, 
and the second insulation layer 23B is formed on the top surface 
of the second magnetic detection portion 22 . In this instance, 
the first insulation layer 23A is formed to cover at least the 
first magnetic detecting element 27A through the fourth 
magnetic detecting element 27D, and the second insulation layer 
23B is formed to cover at least the fifth magnetic detecting 
element 27E through the eighth magnetic detecting element 27H. 

Subsequently, the first magnetic bias film 24 is formed 
on the top surface of the first insulation layer 23A at a 
position opposing the first magnetic detection portion 21 by 
means of vapor deposition, sputtering, or the like, and the 
second magnetic bias film 25 is formed on the top surface of 
the second insulation layer 23B at a position opposing the 
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second magnetic detection portion 22 by means of vapor 
deposition, sputtering, or the like. 

The orientations of the respective magnetic fields are 
then set by bringing a magnetic field generating coil into close 
proximity to the first magnetic bias film 24 and to the second 
magnetic bias film 25. In this instance, it is configured in 
such a manner that an angle produced by the magnetic fields 
generated by the first magnetic bias film 24 and the second 
magnetic bias film 25 and the longitudinal directions of the 
respective patterns of the first magnetic detecting element 
27 A through the eighth magnetic detecting element 27H is 45*^. 
In addition, it is configured in such a manner that the 
directions of the magnetic fields generated by the first 
magnetic bias film 24 and the second magnetic bias film 25 are 
different from each other by approximately 90°. 

Finally, the first covering layer 26A is formed on the 
top surface of the first magnetic bias film 24 by means of 
molding or the like, and the second covering film 26B is formed 
on the top surface of the second magnetic bias film 25 by means 
of molding or the like. 

The magnetic sensor according to the fourth embodiment 
of the invention can be obtained by the manufacturing method 
described above . 

When the first magnetic bias film 24 and the second 
magnetic bias film 25 are formed by the lift-off method, there 
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can be achieved an effect that damages on the first insulation 
layer 23A and the second insulation layer 23B or on the first 
magnetic detection portion 21 and the second magnetic detection 
portion 22 can be prevented. More specifically, it may be 
configured in such a manner that after resist is applied to 
a portion where the first magnetic bias film 24 and the second 
magnetic bias film 25 are not formed, the CoPt film is formed 
across the entire surfaces of the first insulation layer 23A 
and the second insulation layer 23B, and the first magnetic 
bias film 24 and the second magnetic bias film 25 are formed 
at the specific positions by removing the resist later. 

In this case, the unwanted CoPt film can be removed 
simultaneously by merely removing the resist, the need to 
remove the CoPt film directly as in the etching method can be 
eliminated. It is thus possible to prevent an etching liquid 
or the like from adhering to or penetrating into the first 
insulation layer 23A and the second insulation layer 23B or 
the first magnetic detection portion 21 and the second magnetic 
detection portion 22. 

In particular, in a case where CoPt alloy is used for 
the first magnetic bias film 24 and the second magnetic bias 
film 25, it is necessary to use a strongly acidic etching liquid. 
Hence, the etching liquid gives damages as it adheres to or 
penetrates into the first insulation layer 23A and the second 
insulation layer 23B or the first magnetic detection portion 
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21 and the second magnetic detection portion 22, and may 
possibly deteriorate the moisture resistance. The lift-off 
method, however, does not raise such a problem and a magnetic 
sensor as a highly reliable orientation sensor can be obtained. 

Also, by setting the orientations of the magnetic fields 
after the first magnetic bias film 24 and the second magnetic 
bias film 25 are formed, it is possible to set the orientations 
of the magnetic fields generated by the first magnetic bias 
film 24 and the second magnetic bias film 25 simultaneously 
or in succession. The productivity can be therefore enhanced. 

Alternatively, magnetic thin films in which the 
orientation of the magnetic field has been previously set may 
be disposed on the top surface of the first insulation layer 
23A and the second insulation layer 23B. 

Operations of the magnetic sensor according to the fourth 
embodiment of the invention will now be described. 

Referring to Fig. 10 through Fig. 14, when a specific 
voltage is applied between the first input electrode 28A and 
the first ground electrode 29A in the first magnetic detection 
portion 21, a change in resistance in response to the direction 
of the earth magnetization is caused in the first magnetic 
detecting element 27A through the fourth magnetic detecting 
element 2 7D. Because voltages in response to the change of 
the resistance value are outputted consequently from the first 
output electrode 30A and the second output electrode SOB, it 
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is possible to detect a differential output voltage between 
these electrodes. The differential output voltage changes 
with an angle at which the earth magnetization crosses with 
the first magnetic detection portion 21, and it shapes 
substantially a sine wave by rotating the orientation of the 
earth magnetization by 360**. 

As with the description above, by applying a specific 
voltage between the second input electrode 28B and the second 
ground electrode 29B in the second magnetic detection portion 
22, a change in resistance in response to the direction of the 
earth magnetization is caused in the fifth magnetic detecting 
element 27E through the eighth magnetic detecting element 27H. 
Because voltages in response to a change of the resistance value 
are outputted consequently from the third output electrode 30C 
and the fourth output electrode SOD, it is possible to detect 
a differential output voltage between these electrodes. As 
with the description above, this differential output voltage 
also changes with an angle at which the earth magnetization 
crosses with the second magnetic detection portion 15, and it 
shapes substantially a sine wave by rotating the direction of 
the earth magnetization by 360°. 

By making the magnetic field directions between the first 
magnetic bias film 24 and the second magnetic bias film 25 
different by 90° as in this embodiment, the phases of one 
differential output voltage and the other differential output 
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voltage are shifted by 90®. More specifically, given 0 as the 
orientation in reference to a specific one direction, then, 
in a case where one differential output voltage is Asin6, the 
other differential output voltage is AcosS. Because a ratio 
of these two outputs is tanS, the orientation 6 can be readily 
detected. 

The bias magnetic field strengths of the first magnetic 
bias film 24 and the second magnetic bias film 25 will now be 
described. 

Fig. 15 is a view showing the relation of the bias magnetic 
field strength of the magnetic sensor and an orientation 
variation in this embodiment. Because the orientation 
variation that the magnetic sensor detects is increased when 
the bias magnetic field strength becomes too strong or too weak, 
appropriate strength has to be set. An allowable variation 
of the orientation to detect 36 orientations is thought to be 
7®. For the bias magnetic field in this case, 5 to 20 Oe is 
suitable as can be understood from Fig. 15. 

When a required orientation variation is made smaller, 
the strength of the bias magnetic field is limited further. 
For example, when an allowable variation of the orientation 
is 5®, the bias magnetic field is limited to 6 to 18 Oe, and 
more preferably, the bias magnetic field is limited to 7.5 to 
15 Oe. 

In the magnetic sensor in this embodiment described above. 
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as the first and second magnetic bias films 24 and 25 that apply 
magnetic biases, respectively, to the first and second magnetic 
detection portions 21 and 22 having the magneto resistance 
effect, the magnetic bias film 11 is used, which is formed by 
arraying the magnetic bias magnets llA through IIC, each of 
which is in the shape of substantially a rectangular prism and 
formed by laminating plural magnetic layers 12 and non-magnetic 
layers 13 alternately while the aspect ratio of the short side 
and the long side is set in a range of 5 to 200, in the short 
side direction to generate a magnetic field in the short side 
direction. A total film thickness of the magnetic bias film 
11 can be therefore smaller, and a stable magnetic bias can 
be obtained. It is thus possible to obtain a magnetic sensor 
that can be reduced in size and has properties that remain 
stable against a magnetic field from the outside. 

Also, the magnetic bias from the first magnetic bias film 
24 is applied to the first magnetic detection portion 21, while 
the magnetic bias from the second magnetic bias film 25 is 
applied to the second magnetic detection portion 22 . By making 
the directions of the magnetic field generated by the first 
magnetic bias film 24 and the magnetic field generated by the 
second magnetic bias film 25 different , it is possible to obtain 
a compact, high- sensitive magnetic sensor suitable to 
detection of the direction of earth magnetization. 

In particular, because it is configured in such a manner 
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that directions of the magnetic field generated by the first 
magnetic bias film 24 and the magnetic field generated by the 
second magnetic bias film 25 are different by 90®, an output 
waveform from the first magnetic detection portion 21 and an 
output waveform from the second magnetic detection portion 22 
have a phase difference of 90°* By finding a ratio of these 
two waveform outputs , it is possible to obtain a magnetic sensor 
of a simple configuration capable of detecting the direction 
of an external magnetic field. 

It goes without saying that the directions of the 
magnetic field generated by the first magnetic bias film 24 
and the magnetic field generated by the second magnetic bias 
film 25 can be set to an angle other than 90®. In this case, 
the orientations of the magnetic fields generated by the first 
magnetic bias film 24 and the second magnetic bias film 25 are 
made different so that the phases of the outputs from the first 
magnetic detection portion 21 and the second magnetic detection 
portion 22 differ from each other. 

According to this configuration, because an output from 
the first magnetic detection portion 21 shapes a sine wave, 
it takes the same value at angles in two orientations; however, 
it is possible to determine a single angle according to the 
sign of a difference between an output of the first magnetic 
detection portion 21 and an output of the second magnetic 
detection portion 22. All the orientations in a range of 0 
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to 360*^ can be therefore detected. In this instance, it is 
necessary to make the orientations of the magnetic fields 
different to the extent that the waveforms of the respective 
outputs of the first magnetic detection portion 21 and the 
second magnetic detection portion 22 will not superimpose. 

The magnetic sensor of the invention is not limited to 
the configuration of the magnetic sensor in this embodiment, 
and, for example, a modification as follows is possible. 

Fig. 16 is a cross section showing a modification of the 
magnetic sensor according to the fourth embodiment of the 
invention. In the magnetic sensor shown in Fig. 10 through 
Fig. 12, the insulation layer 23A and the insulation layer 23B 
are separate, individual layers, and the covering layer 26A 
and the covering layer 26B are also separate, individual layers . 
In the magnetic sensor shown in Fig. 16, however, it is 
configured in such a manner that an insulation layer 23 covers 
both the first magnetic detection portion 21 and the second 
magnetic detection portion 22. Also, it is configured in such 
a manner that a covering layer 26 covers both the first magnetic 
bias film 24 and the second magnetic bias film 25. Even when 
configured in this manner, it is possible to achieve the same 
effects as those of the magnetic sensor shown in Fig. 10 through 
Fig. 12. 

Also, the magnetic bias film 11 described in the second 
embodiment of the invention, that is, the one in which plural 
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magnetized magnetic layers 12 and non-magnetic layers 13 are 
laminated alternately, may be used as the first magnetic bias 
film 24 and the second magnetic bias film 25. In this case, 
because the magnetic bias film 11 has the effects as described 
in the second embodiment, there can be achieved an effect that 
the magnetic sensor according to the fourth embodiment of the 
invention can be also reduced in size due to these effects. 

The first and second magnetic bias films 24 and 25 may 
be the magnetic bias films described in the first embodiment 
of the invention, that is, the one formed by arraying plural 
magnetic bias magnets 9A through 9G, each of which is in the 
shape of substantially a rectangular prism having the long side, 
the short side, and the thickness in order of decreasing lengths 
and generates a magnetic field, in the short side direction 
while aligning the directions of the magnetic fields. 

This magnetic sensor can obtain a stable magnetic bias 
because it includes the first and second magnetic bias films 
24 and 25 that use the magnetic bias film 9 formed by arraying 
plural magnetic bias magnets 9A through 9G, each of which has 
an aspect ratio of the long side and the short side set in a 
range of 5 to 200, in the short side direction while aligning 
the directions of the magnetic fields. It is thus possible 
to obtain a magnetic sensor with which properties of the 
magnetic field remain stable against a magnetic field from the 
outside. 
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(Fifth Embodiment) 

Fig. 17 is a cross section of a magnetic sensor according 
to a fifth embodiment of the invention . For the magnetic sensor 
according to the fifth embodiment of the invention, like 
components are labeled with like reference numerals with 
respect to the magnetic sensor according to the fourth 
embodiment of the invention described above, and only 
differences will be described herein. 

That is to say, differences of the magnetic sensor 
according to the fifth embodiment of the invention from the 
magnetic sensor according to the fourth embodiment of the 
invention are as follows. In the magnetic sensor according 
to the fourth embodiment of the invention described above, the 
first magnetic detection portion 21 and the second magnetic 
detection portion 22 are formed directly on the top surface 
of the substrate 20. On the contrary, in the magnetic sensor 
according to the fifth embodiment of the invention, the first 
magnetic bias film 24 and the second magnetic bias film 25 are 
formed directly on the top surface of the substrate 20. Even 
when configured in this manner, it is possible to achieve the 
same effects as those of the magnetic sensor according to the 
fourth embodiment of the invention described above. 

It should be appreciated, however, that the magnetic 
sensor of the invention is not limited to the contents described 
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in the fourth and fifth embodiments of the invention described 
above . 

For example, the fourth and fifth embodiments of the 
invention described above adopt the method of detecting a 
differential output voltage by employing the Wheatstone bridge 
circuit using four magnetic detecting elements as each of the 
first magnetic detection portion 21 and the second magnetic 
detection portion 22. However, a method using a half bridge 
circuit configuration employing two magnetic detecting 
elements may be adopted. This will be described using Fig. 
18. 

Fig. 18 is a circuit diagram showing a modification of 
a magnetic detection portion in the magnetic sensor according 
to the fifth embodiment of the invention. As is shown in Fig. 
18, the first magnetic detection portion 21 comprises a first 
magnetic detecting element 27A and a second magnetic detecting 
element 27B, and it detects a voltage between the first output 
electrode 30A and the first ground electrode 29A by applying 
a specific voltage between the first input electrode 28A and 
the first ground electrode 29A. This circuit configuration 
is referred to as the half bridge circuit because it has half 
the configuration of the Wheatstone bridge circuit. Also, the 
second magnetic detection portion 22 is configured in the same 
manner as the first magnetic detection portion 21. 

In comparison with the Wheatstone bridge circuit, the 
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half bridge circuit configuration described above has a simpler 
circuit configuration, because it requires half the number of 
detecting elements and an area needed for the circuit can be 
smaller, and is therefore advantageous in achieving a size 
reduction . 

( Other Embodiment s ) 

(A) The fourth and fifth embodiments of the invention 
described the magnetic sensor serving as an orientation sensor. 
The invention, however, is not limited to these embodiments, 
and the invention is also applicable to other magnetic sensors 
using magnetic biases. For example, the invention is useful 
as a compact sensor that detects a particularly faint magnetic 
field, such as a magneto impedance effect element. 

(B) In the embodiments of the invention, the magnetic 
bias magnets 9A through 9G in the first embodiment , the magnetic 
layers 12 in the second and third embodiments were described 
as those made of CoPt alloy. However, they may be made of other 
alloys, such as CoCr alloy and CoCrPt alloy, or ferrite magnet. 
In particular, as with CoPt alloy, CoCr alloy and CoCrPt alloy 
have large magnetocrystalline anisotropy in addition to an 
excellent magnet property. They are therefore suitable as a 
material of a magnetic bias magnet to which the stability of 
the magnetic field direction is required. 

(C) The embodiments of the invention described a case 
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where the insulation layer is made of Si02. However, the 
insulation layer may be made of other materials , such as alumina, 
epoxy resin, and silicon resin. 

(D) The embodiments of the invention described a case 
where CoPt alloy to be used as the magnetic layers 12 is formed 
by means of vapor deposition or sputtering. However, the CoPt 
film may be formed by other methods, for example, by applying 
a CoPt precursor by a wet method followed by sintering. 

(E) The embodiments of the invention described a case 
where the direction of the magnetic field of the magnetic bias 
film 11 is stabilized by applying manufacturing or adopting 
the laminated structure. However, besides these cases, a 
method by which a magnetic field in one direction is applied 
using a magnet or the like when the magnetic bias film 11 is 
formed (film deposition with magnetic field) , and a method by 
which heat treatment is applied at a specific temperature while 
applying a magnetic field in one direction after the magnetic 
bias film 11 is formed (heat treatment with magnetic field) 
are included as means for actively providing such anisotropy 
in one direction (uniaxial anisotropy) . The anisotropy 
provided by the film deposition with magnetic field and the 
heat treatment with magnetic field is normally referred to as 
induced magnetic anisotropy. 

Further, available methods include means for providing 
uniaxial anisotropy to the magnetic bias film 11 using a counter 
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result of magnetic strain, that is, by applying a stress while 
the magnetic bias film 11 is formed. 

In this embodiment, too, it is preferable to provide 
magnetic anisotropy to the magnetic bias film 11 using these 
methods, because the bias magnetic field can be more stable. 

(F) In the embodiments of the invention, the magnetic 
detecting elements were described as a ferromagnetic thin film 
including NiCo or NiFe serving as a magneto resistance film 
or an artificial latticed multi-layer film. However, besides 
these , they may be InSb or InAs , which are semiconductors having 
a large electron mobility and known to exhibit the magneto 
resistance effect . 

While the invention has been described in detail, the 
descriptions above are illustrative in all aspects and the 
invention is not limited to these descriptions. It is 
therefore understood that a large number of modifications that 
are not described herein can be anticipated without deviating 
from the scope of the invention. 

Industrial Applicability 

The magnetic bias film of the invention is able to 
generate a stable and strong magnetic field within a plane 
perpendicular to the lamination direction of the magnetic 
layers. Because the magnetic bias film can be reduced in size 
and suitable for use in a magnetic sensor, it is industrially 
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useful. 
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